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This paper deals with the formation of serologically reactive dextrans from 
sucrose  by  certain  streptococci  from  the  blood  of  patients  with  subacute 
bacterial endocarditis, and with the distinction between the formation of dex- 
tran by those streptococci and the formation of levan from the same substrate 
(sucrose)  by certain other streptococci. 
Dextrans and levans (which are respectively polymers of glucose anhydride and of fructose 
anhydride  units) have long been recognized as products  synthesized through  action  upon 
sucrose by a variety of bacteria from plant and soil sources.  The literature  on the general 
subject begins with the studies on "viscous fermentation" by early chemists (1) at a time when 
no one realized microorganisms  were connected with fermentative processes, and, after passing 
through the period in which the dextrans (2) and levans (3) were identified chemically and in 
which the microbial agency was established (4), extends to the modern period in which the 
detailed chemical (5, 6) and serological (7-9) properties of both classes of the polysaccharides 
have been investigated and the enzymatic syntheses of both dextran (10) and of levan (11) 
have been experimentally accomplished in the absence of cells.  Although the literature  is 
abundant and is from a variety of fields, little of it deals with streptococci of human source. 
I-llava (12) in 1902, Oerskov and Poulsen (13) in 1931, and Koch (14) in 1933, reported the 
production by streptococci from throats of gum which, from the substrate spedfidty involved 
in its formation, can be assumed to have been either levan or dextran, although the product 
was not differentiated chemically.  More definite evidence was presented  in 1941 by the 
report of Niven, Smiley, and Sherman (15, 16) on the production of a chemically identified 
levan by strains of S. salivarius and by our (17, 18) report of the production of a dextro-ro- 
tatory polysaccharide (later chemically identified as dextran) by some strains of group H (19) 
streptococci.  The sucrose-derived products of the group H streptococci (17, 18) and of the 
S. salivarius (9) were shown by us to have serological properties, which introduced the possi- 
bility of applying serological methods for the study of dextran and levan formation by strep- 
tococci. 
Method for  the  Recognition  of Dextrans  and Levans 
Since it was desired to recognize and distinguish the dextrans and levans without isolation 
of the polysaccharides, it was essential that the method be adequate not only with respect to 
capacity  to detect small concentrations of the polysaccharides but also with respect to ca- 
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pacity to differentiate between them.  In the present investigation, the dextrans and levans 
were recognized by subjecting the superuatant fluids from sucrose and glucose broth cultures 
of the streptococci to the following physical, chemical, and serological tests. 
Test l.  Gross  A ppearance.--The fiuids were examined for gross evidence of gum formaflon; 
that is, for soluble gum  (opalescent supernatant fluids)  and for insoluble gum  (gelatinous 
sediment or zooglea).  The significance of the test rested upon the difference between the 
fluids from the sucrose and the glucose cultures of the same bacteria. 
Tests 2 and 3.  Alcohol-Precipltable  Materid.wThe fluids were diluted 1:10 in 10 per cent 
sodium acetate, and 2.5 and 1.2 volumes of 95 per cent alcohol were added to separate portions 
of each sample.  After they had been 3 hours at room temperature the mixtures were exam- 
ined for cloudiness (controls with the uninoeulated sucrose and glucose mediums gave practi- 
cally no cloudiness).  The test with 2.5 volumes was expected to be useful as an index for the 
presence of either dextran or levan, particuiarly since the interpretation could be based upon 
the presence of a precipitate in the sucrose but not in the glucose culture fluid.  The test with 
1.2  volumes was expected to have some limited use as a  presumptive distinction between 
dextran and levan. 
Test 4.  Polyfructoside.--Chemical  data on the presence of levan or levan-like material 
were  obtained by  the  following procedure.'-- 
The fluids were treated with 1.25 volumes of 95 per cent alcohol containing 10 per cent 
sodium acetate which would precipitate the major part of any dextran that was present but 
leave the levan materlal in solution.  The mixtures were centrifuged, and after separation 
from the precipitates the supernatant fluids were treated with 5 volumes of 95 per cent alcohol, 
stored in the icebox overnight, and then centrifuged.  The precipitates which would contain 
the levan, were carefully separated from the supernatant fluids which  would contain any 
sucrose or fructose coming from the original culture fluid;  as an additional precaution, the 
precipitates were dissolved in 10 per cent sodium acetate and the treatment with 5 volumes of 
alcohol was repeated.  The final precipitates, after  being carefully separated from the super- 
natant fluids, were heated in 0.8 ~ HC1 for 15 minutes at 60°C., which conditions had su~ced 
for complete hydrolysls of the two purified levans we had previously studied (9). 
The hydrolysates were treated with 9 volumes of absolute  alcohol containing I  per cent 
sodium acetate, stored in the icebox overnight, and then centrifuged.  The sediments which 
would contain any traces of dextxan not removed by previous procedures (and probably also 
the major  part of  any  dextral  degradation  products)  were removed.  The supematant 
fluids which would contain all of the fructose liberated by the acid hydrolysis of the levans, 
were analyzed for fructose by the Roe (21) procedure.  The solutions of crystalline fructose 
used as standards were prepared in the same concentration of alcohol as that contained in the 
test solutions; the comparisons were made with a photoelectric colorimeter.  The polyfructo- 
side was calculated as nine-tenths of the fructose found in the Roe test, and is presented in 
Table I  as milligrams per 1 cc. 
Tests 5 to 10.  Serological Reactions.--The  bacterial culture fluids were neutralized, and 
then tested in dilutions ranging from 1 : 10 to 1:40,000.  In the ease of the fluids which showed 
no physical or chemical signs of dextran or levan formation, the serological tests were applied 
only to the 1 : 10 and 1 : 100 dilutions; all the others were tested in at least 3 different dilutions 
against alfthe serums.  The test mixtures were observed for precipitation after incubation 
for 1 hour at 37°C. and again after overnight storage in the icebox. 
The antiserums used for the recognition of dextrans were from rabbits immunized with 
types 2, 20, and 12 pneumococci, andwith sucrose-grown leuconostoc B bacteria; the type 20 
sample was from a lot known not to react with levans (9), and the type 2 sample had been 
absorbed 3 times with R pneumocoeci.  The antiserum used for recognition of the levans was 
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bacillus'N9; the chance of missing levans which might not react with that antiserum was well 
controlled by the preceding (No. 4) chemical test for polyfructosides.  As a  special control 
for the dextran reactions, a  type 2  antipneumococcus serum that had been absorbed with 
sucrose-grown leuconostoc bacteria was included; this absorbed serum was known to have 
lost its original capacity to react with solutions of purified dextrans of leuconostoc bacteria 
although it retained its high capacity to agglutinate type  2  pneumococci and to react with 
the type 2 capsular S antigen (7).  The serums were used in dilutions of from 1 : 10 to 1 : 15. 
The antiserums were standardized by tests against solutions of purified dextrans prepared 
from sucrose broth cultures of group H  streptococcus F90A and of leuconostoc A and B, and 
also against solutions of purified levans of Streplococcus salivarius S20B and of  bacillus N9. t 
The types 2 and 20 and the leuconostoc antiserums reacted in about the same way with high 
dilutions (1:500,000 to 1:2 million) of all the dextrans; the type 12 antiserum reacted with 
high dilutions of the leuconostoc A  dextran, and with low dilutions of the leuconostoc B 
dextran, but not at all with the streptococcal dextran; none of the four dextran-reactive anti- 
serums reacted with either of the levans.  The bacillus N9 antiserum reacted with 1 : 500,000 
dilution of the S. salirarius  levan and with 1: 2,000,000 dilution of the bacillus N9 levan, which 
are the maximal dilutions detectable in tests with S. sa2ivarius antiserum; the  bacillus N9 
antiserum did not react with any of the dextrans. 
It should be noted that all of the antiserums utilized in the present study had been obtained 
by immunization with bacteria other than streptococci, which reduced to a  minimum the 
possibility of confusion from streptococcal antigens other than dextran or levan. 
Tes~ 11.  Reducing  Sugars.--Neutrafized samples of the fluids of the sucrose broth cultures 
were analyzed by the Hagedorn and Jensen method (22).  The values presented in Table I 
are calculated as glucose and are corrected for the slight reducing power of the nninoculated 
medium.  This test served to supplement the others, because the accumulation of reducing 
sugar is a  prominent feature in both dextran and levan formation.  Streptococci that form 
neither dextran nor levan also may give reducing sugars, but the occurrence with them is 
infrequent in comparison to its regular occurrence with dextran- and levan-forming varieties. 
Summary of the Tcsts.--The  described series of tests take into account the general process 
of dextran and levan formation.  These polysaccharides are synthesized through the action 
of bacterial enzymes (10,  11), by way of reactions which can be expressed as 
n  sucrose---~  (glucose  anhydride)m  +  n  fructose 
de~aran 
n  sucrose---~  (fructose  anhydride),  +  n  glucose 
levan 
Tests 1 and 2 in this experiment are directed toward the detection of tither of the polysaccha- 
ride polymers (dextran or levan); Nos. 4 to 10, toward the differentiation as well as the de- 
tection of the two polysaccharides; No. 11, toward the hexose "by-product" of the reactions. 
tThe chemical properties of the two levans and of the leuconostoc dextraas have been 
described (7, 9).  The analysis of the dextran from the group H  streptococcus which has not 
previously been published was as follows: Nitrogen: 0.10 per cent; ash (as Na): 0.17; [a] v  a° 
+215  ° (c ffi 0.4 in 1 N NaOH), for the original product; and [a] ~° +53.4  ° (c ffi 2.0 in H~O), 
and a  reducing sugar content of 93 per cent, for the acid hydrolysate; qualitative tests for 
fructose, pentoses, and uronic acid were negative.  This streptococcus dextran was prepared 
by the method described (7) for the dextran of leuconostoc A; the yield (8 gm. of the final 
purified product from 2 liters of culture) was much more abundant than would be obtained 
with most bacterial polysaccharides but was of the order of magnitude often gotten with 
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EXPERIMENTAL 
Occurrence  of  Dextran  or  Levan  Formation  among  the  Streptococci 
The streptococci tested were 48 from the blood of patients with subacute bacterial endo- 
carditis, 9 of group H from throats,  and 6 of S. salivarius from throats  and feces.  All the 
endocarditis strains were from different patients, and comprised 23 isolated in the New York 
Hospital  and supplied by Dr.  W. McDermott,  15 isolated in the Mr. Sinai Hospital  and 
supplied by Dr. G. Shwartzman, 4 isolated in Bellevue Hospital and supplied by Dr. W. S. 
Tillett, 3 supplied by Dr. Lancefield, and 3 supplied by Dr. Julia M. Coffey of the New York 
State Department of Health.  The group H  throat strains  comprised 6 from Dr. Hate's 
original collection (19) given us by Dr. Lancefield and 3 given us by Dr. Coffey.  Two of the 
S. salivarius were from Dr. Sherman; the others were isolated in this laboratory.  For con- 
trols, bacteria  from which purified and chemically identified dextrans  or levans had been 
obtained by ourselves (7, 9)  and by Niven, Smiley, and Sherman  (16), were included. 
The bacteria were inoculated into two sets of tubes containing respectively 30 cc. of 5 per 
cent sucrose or 5 per cent glucose broth; the base of each medium was tryptose peptone 1 per 
cent, anhydrous sodium phosphate 0.2 per cent, and sodium chloride 0.5 per cent.  The sucrose 
was a selected sample of beet sugar that was relatively free of material predpitable by 65 per 
cent alcohol (most lots of reagent sucrose contain appreciable amounts of material (20) that 
would interfere with some of the chemical and serological tests to be included in the experi- 
ments).  The 5 per cent glucose medium was inoculated with 0.5 cc. of an 18 hour culture 
grown in 1 per cent glucose broth; the 5 per cent sucrose medium was inoculated with the 
same amount of an 18 hour culture grown in 1 per cent sucrose broth. 
After incubation for 5 days at 37°C., the cultures were centrifuged at moderate speed 
(1500 l~.r.x¢.) for 40 minutes.  The supernatant fluids were then subjected to the described 
series of tests. 
The first point in Table I is that 22 of the 48 strains from subacute bacterial 
endocarditis formed material from sucrose which can be accepted as dextran. 
The "mucoid" appearance and the relative abundance of material precipitable 
with 2.5 volumes of alcohol in the sucrose cultures and the lack of both those 
features in the  glucose  cultures,  together  with  the  presence  of  considerable 
amounts of free reducing sugars in the sucrose cultures, are presumptive evi- 
dence that either dextran or levan formation had occurred.  That dextran had 
been produced was suggested by the precipitation with 1.2 volumes of alcohol, 
and was shown definitely by the fact that the fluids of the sucrose-grown cul- 
tures reacted with 3 dextran-reactive serums (types 2 and 20 antipneumococcus 
and antileuconostoc),~ whereas the fluids of the glucose-grown cultures of the 
SAlthough the type 2 antipneumococcus serum would have detected all of the dextrans, 
there were real advantages in including the other dextran-reactive serums in the tests.  For 
example, a  considerably higher degree of similarity was indicated for the dextrans  of the 
different endocarditis and throat streptococci by the evidence that they reacted  similarly 
against three dit~erent  antiserums (types 2 and 20 pneumococcus and leuconostoc) than could 
have been shown by tests with any one of the serums; and, conversely, the difference between 
the streptococcal dextrans and the two leuconostoc dextrans would have escaped attention 
entirely if the tests had not included type 12 antipneumococcus as well as the other three 
dextran-reactive  serums.  The minor but definite differences revealed by these serological 
tests are of special interest because it is apparent in the chemical literature  (5) that, in spite 152  DEXTRANS  FORMED  BY STREPTOCOCCI  ]~ROM ]~NDOCARDITIS 
same bacteria did not react with any of these serums.  The marked serological 
similarity of the dextrans of the different streptococci is evident.  A difference 
between  them and the  dextrans  of the  two leuconostoc strains was revealed 
by the type 12 antiserum which reacted with the leuconostoc dextrans but not 
with any of the streptococcal dextrans.  The sucrose fluids of one endocarditis 
strain gave precipitation with the levan-reactive antiserum and had significant 
amounts of levan-like material in the chemical test for polyfructoside; none of 
the other endocarditis strains gave any sign of levan formation, and the one 
that did form some levan can be regarded as predominantly a dextran former) 
The other 26 strains from endocarditis  showed no capacity to form either 
dextran or levan; their sucrose fluids were non-reactive in the serological tests, 
and  moreover, showed  none  of the  physical or chemical features  associated 
with dextran or levan formation (the latter negative evidence is important as a 
control against the possibility that some bacterial dextrans or levans might not 
be reactive with the particular antiserums used in our tests). 
The 9 strains of group H  streptococci from throats produced dextran which 
was serologically similar to that formed by the endocarditis  strains;  none of 
them produced any appreciable amount of levan. 
The 6 strains of S. salivarius formed levan as shown both by the results of 
the chemical tests for polyfructoside and by the results of the tests with the 
levan-reactive antiserum; two of the strains formed some dextran in addition 
to larger amounts of levan.  This evidence on the serological properties of the 
levans formed by these 6 strains of S. salivarius is of some independent value 
because it indicates that the serological properties previously reported (9) for 
the purified levan obtained from one strain may be possessed by the levans of 
aU strains of that species. 
The "controls" are bacteria whose dextran-forming or levan-forming capacity 
had been proved by isolation of the respective polysaccharides; the data ob- 
tained with them illustrate the adequacy of the series of the tests (Nos. 1 to 11) 
to recognize  and  distinguish  dextrans  and  levans in bacterial  culture  fluids, 
of their likeness in general composition, various dextrans differ in detailed structure (chain 
length, types of linkages, extent and position of branching).  The application of appropriate 
serological methods may be another method of approach to the study of the finer differences 
among the different members of this class of polysaccharide. 
sSince some strains of S. saJivarius also produce mixtures of dextran and levan (16), it 
should  be  noted  that  this  endocarditis  strain  is  taxonomically  quite  distinct  from  that  species: 
it oxidized  hemoglobin, formed ammonia from arginine,  gave acid  from m~mnltol,  and grew 
in 6.5  per cent NaCl, none of  which properties  are  possessed  by S.  sa/dvar/us. As is  evident 
in Table I, the strains of S. salivariu~ which form dextran usually form definitely larger 
amounts of levan.  The production of appreciable levan by this  predominantly dextran- 
forming endocarditis strain illustrates the general phenomenon that either of the two classes 
of sucrose-derived polysaccharide may be present  in streptococcal cultures that  contain a 
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and thus support the conclusions drawn from the data in regard to the dextran 
or levan nature of the products formed by the test group of streptococci. 
The  quantitative  aspect  of  the  dextran formation by the  streptococci is 
important.  The abundance of the polysaccharide, which is shown in the data 
of Table I by the high dilutions (often over 1:10,000) of the sucrose fluids that 
gave serological  precipitation, makes the dextran a  dominant antigen that is 
readily detectable  at dilutions of the  culture fluid considerably beyond the 
limits at which other antigens that accompany it would be detectable.  The 
abundance, as well as the physical properties of dextran, is the factor under- 
lying the marked difference in the gross appearances of the sucrose and of the 
glucose  cultures.  The  appearance  of  the  sucrose  cultures  was  particularly 
striking after they had been centrifuged at moderate speed.  The superuatant 
fluids were  usually opalescent and  sometimes viscous.  With  about half of 
the strains there was a small compact sediment composed apparently entirely 
of bacterial cells; in other instances, instead of a bacterial sediment, there was a 
soft and usually translucent gelatinous mass which occupied from 10 to over 90 
per cent of the  volume of the culture.  These two different general classes of 
appearance are in all probability associated with differences among the strepto- 
coccal dextrans with respect to  molecular size and capacity to imbibe water. 
The illustration in Fig.  1 is from one of the endocarditis cultures that gave a 
large gelatinous mass.  Masses of this sort have two points of interest: first, 
they consisted at least in large part of dextran (thoroughly washed masses after 
being dissolved in 1.0 N NaOH, neutralized, and diluted in salt solution reacted 
in high dilution with dextran-reactive serums);  secondly, the masses had in- 
corporated throughout  them practically all the bacterial cells of the origin&i 
culture so that in the usual  sense of the word they would certainly be  con- 
sidered as zooglea; this second point is mentioned because, although zooglea 
have  long been  recognized as a  characteristic  of leuconostoc bacteria  from 
plants, the absence of zooglea has been proposed by some systematic bacteri- 
ologists (23) as one of the criteria in the definition of the Streptococcus genus. 
Taxonomic  Properties 
The 22 endocarditis strains which were found to form dextrans in the ex- 
periment of Table  I  could be  considered to constitute a  group on the basis 
that each had the property of forming serologically reactive polysaccharides, 
which,  although  not  necessarily identical for  each  strain,  were  sufficiently 
similar to react in much the same way against three different antiserums (types 
2 and 20 pneumococcus and antileuconostoc).  The chief object of the following 
experiment, was to determine to what extent the streptococci which agreed with 
each  other on that basis,  would  agree  in  some of the taxonomic properties 
commonly used in the differential  description of non-hemolytic streptococci. 
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strains with  the  streptococci  described  in  the  general  literature  in which  the 
dextran-forming  property  is  not  included,  and  also  with  dextran-forming 
bacteria  from  animals  and  plants. 
No.  1.  Hemolysis.--The  tests for hemolytic capacity were  made only on strains that 
produced dextran or levan.  The capacity of the colonies to produce zones of hemolysis was 
Studied on 5 per cent rabbit blood agar and on 5 per cent horse blood agar; one series of each 
medium was incubated aerobically and another series in a  Brewer anaerobic jar; the plates 
were streaked on the surface with dilutions of the culture that gave well separated colonies. 
The aerobically incubated plates were examined after 1 and 2 days; the anaerobically incubated 
ones were examined after 2 days.  The results of the anaerobic series on horse blood agar are 
presented in the table; in that series the hemolysis was much more sharp and clear than in any 
of the other three. 
The capacity to produce soluble tysin was studied with cultures in an enriched broth that 
gave large amounts of lysin with control strains of groups A and C  hemolytic streptococci. 
The fluids were tested, both before and after reduction with Na2S204 (24), against 1 per cent 
suspensions of home, rabbit, and sheep red blood cells.  None of the dextran-forming strains 
gave any hemolysis, and the results are  omitted from the table. 
No. 2.  Oxidation of Hemoglobin.--On the aerobically incubated plates, most of the dextran- 
forming endocarditis and group H  throat streptococci caused greening around the colonies, 
which in some instances was pronounced.  The question of oxidation of hemoglobin was 
investigated with the entire collection of streptococci by observations of the brown color that 
developed when equal amounts of  18 hour cultures grown in meat infusion broth were in- 
cubated at 37°C. for 1 hour with 5 per cent suspensions of sheep red blood cells. 
No. 3.  Ammonia from Arginine.--The  medium was 0.5  per Lent tryptone peptone, 0.5 
per cent baeto-yeast extract, 0.2 per cent K~HPO~,  0.05 per cent glucose, plus 0.3 per cent 
arginine (25).  The cultures were incubated 5 days and then tested with Nessler's solution. 
All of the strains reported as positive in the table, reacted when diluted 1:50 or higher, whereas 
the negative fluids failed even with the undiluted material. 
No. 4.  Add from  Carbokydrates.--The  basic medium was  1 per cent tryptose peptone, 
0.5 per cent bacto yeast extract, 0.5 per cent NaC1, 0.1 per cent Na2HPO4, 0.0025 per cent 
brom cresol purple; 1 per cent of the test carbohydrate was added.  The cultures were ob- 
served at 2 day intervals for 10 days. 
No. 5.  Mucoid ¢olonies.--The medium (5 per cent sucrose, 5 per cent gelatin, 1.5 per cent 
agar,  1 per cent tryptone peptone, 0.5 per cent bacto-yeast extract, 0.3 per cent K~HPO4) 
was the same as that used by Niven, Smiley, and Sherman (15) for the production of large 
mucoid colonies by S. salivarius.  The inoculated plates were incubated aerobically at 37°C. 
for 2  days. 
No. 6.  Gro~vlh  al lO°C.--The medium was 1 per cent tryptose peptone, 0.5 per cent hacto- 
yeast extract, 0.5 per cent NaC1, 0.1 per cent K2HPO~,  plus 1 per cent glucose; it was chilled 
to 10°C.  before inoculation.  The inoculum for 5 cc. of the broth was 0.1 cc. from a  young 
blood broth culture, which was much larger than needed for initiation of growth of these 
streptococci in this medium when incubated at 37°C.  The  10°C.  cultures were incubated 
10 days before considered negative; all of the cultures which grew at all, showed obvious 
growth within 4  days. 
No. 7.  Gro~c,th  in 6.5 Per Cent NaCl--The medium was as in Test 6  except for the addi- 
tional NaC1; 5 cc. portions were given the same inoculum as in Test 6, and incubated 10 days 
at 37°C. 
No 8.  Gas from Sucrose.--The  basic medium was as in Test 4; 5 per cent sucrose was 
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37°C., and observed at 2 day intervals for 10 days.  Cultures were recorded as negative if no 
bubbles or other signs of gas developed under the seal; leuconostoc bacteria (incubated at 
30°C. and with glucose or fructose as well as with sucrose)  invariably showed  obvious signs 
of gas formation by this method, and the test seemed worth while to include in order to com- 
pare the present streptococci with the dextran-formJng leuconostoc. 
No.  9.  Bil* Sdubility.--All  of the  endocarditis strains were  tested  for bile solubility. 
All the strains included in the table were insoluble in bile; one endocarditis strain (a non- 
dextran former) was bile-soluble, and was excluded as probably being a pneumococcus. 
TABLE II 
Taxonomic Properties 
Source and kind of 
streptococci 
Endocarditis 
t¢ 
Group H: throat 
S.  salivarius:  throat  and 
feces 
Endocarditis, selected 
Group H: throat, " 
Polysac- 
charide 
from 
sucrose 
Dextran 
None 
Dextran 
Levan 
Dextran 
ct 
Percentage of strains having the designated  properties 
d  Z 
22§ 
8 
18 
9 
6/I 
15 
6 
5 
0 
Acid from  .~  ~. 
carbohydrates 
-~  ~  '-- 
.~  ~  8  ~ 
I 
82  77  86 
88  25 100 
61  0  44 
I00  89100 
0 100 100 
10C 100 100 
909  0  5 
100 13 38  0  100 
6!0  0  0  0 
I  i 
11~0  0  0  0 
00  0100  0 
o~ 
I-- 
0 
I 
188 
0 
0 
0 
!  ! 
000  0  GO 
* Colonies with sharp and clear zones of hemolysis on 5 per cent horse blood agar in- 
cubated anaerobically for 2 days. 
:~ Large (over 2 ram.) mucoid colony on 5 per cent sucrose agar (15) incubated aerobically 
for  2  days. 
§ Includes the strain which formed some levan along with larger amounts of dextran. 
[] 2 strains of S. salivarius  formed some dextran along with larger amounts of levan; the 
6 strains agreed exactly in taxonomic properties with Sherman's description (26) of a large 
collection. 
The data (Table II) show that the following properties were highly frequent 
among  the  dextran-forming  strains  from  endocarditis:  oxidation  of  hemo- 
globin, ammonia from arginine, acid from inulin and salicin, no large mucoid 
colonies on aerobically incubated sucrose agar,  no acid from marmitol, xylose, 
or arabinose, and no growth at 10°C. or in presence of 6.5 per cent NaC1; 15 of 
the 22 strains were homogeneous in respect to all those properties; none of the 
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and none was bite-soluble.  The dextran-forming strains, with one exception, 
were distinguishable  from one group of 8  non-dextran-forming strains which 
gave acid from mannitol and grew in 615 per cent NaC1 and at 10°C., and which 
many would regard as S. fecalis;  the exception was the strain that in the ex- 
periment of Table I formed some levan along with larger amounts of dextran, s 
Most of the dextran-forming strains were distinguishable also from the second 
group of 18 non-dextran-forming strains which failed to give acid from inulin 
and which in general correspond to a definition of S. mitis (26); however, 5 of 
the dextran formers failed to ferment inulin and 2 of these agreed in all prop- 
erties with S. mitis (26). 
The dextran-forming group H  streptococci from throats gave definite  and 
clear zones of hemolysis on anaerobically incubated horse blood agar plates, 
Whereas,  only one of the dextran-forming endocarditis  strains produced  any 
definite zones of clear hemolysis.  Apart from this difference, the  taxonomic 
properties of the dextran'forming streptococci from the two sources were much 
a}Jke, and, as shown in Table II, 6 of the 9 group H  throat strains agreed com- 
pletely with  15 of the 22 endocarditis strains with respect to all of the prop- 
erties  tested.  (The  correspondence  in  these  properties,  however,  does not 
necessarily mean that the dextran-forming endocarditis strains would fall into 
Hare's group H  in the Lancefield system.  4)  The dextran-forming streptococci 
from  both  sources  were  clearly  distinguishable  from  the  levan-forming S. 
salivarius  on  the  basis  of  ammonia production,  hemoglobin  oxidation,  and 
formation of large mucoid colonies on aerobic sucrose agar.  There would also 
be a  clear distinction from streptococcus MG described by Horsfall and asso- 
ciates (27); none of that variety gave acid from either inulin or rafl~nose, where- 
as most of our group of dextran-forming streptococci gave acid from inulin and 
all which failed to ferment inulin did give acid from rafl~nose  in tests not in- 
cluded  in  Table  II. 
Comparison should also be made with S. hods and with Leuconostoc mesen- 
tero~es,  because they produce dextrans  serologically similar to those formed 
by the streptococci from endocarditis and human throats.  S. bods, although 
4Systematic experiments on the question of the relationship of our d'extran-forming en- 
docarditis streptococci to Hate's group H have not yet been made.  Three of the 22 dextran- 
forming strains, although sent us originally simply because they had reacted with group H 
antiserum in routine Lancefield grouping tests, had come from the blood of patients  with 
subacute bacterial eudocarditis.  On the other hand, the only other one of our dextran-forming 
endocarditis strains which has been tested, did not react with group H serum either in our 
own or in another laboratory.  Further experiments will be made because dextran formation 
does appear to be a frequent property among streptococci that precipitate with group H anti- 
serum in the Lancefield  test.  For example, of 17 strains sent us because of their reactions with 
group H antiserum, dextran was formed by 15 (3 from the blood of endoearditis patients, 10 
from human throats, 2 from the aortic valve and lung of rabbits); the 2 that failed to form 
dextran were strain K208 from an abscessed tooth and a strain from the spinal fluid of a 
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not  a  well defined species,  does not  form ammonia  from arginine  (25)  and 
usually  ferments arabinose  (26,  28).  Although  these  two properties would 
distinguish  them  from all  of our  dextran-forming streptococci from human 
sources, an absolute distinction from S. boris should not be made on the basis of 
the limited number of properties included in this experiment.  The distinction 
from Leuconostoc raesenteroides is  absolute:  none  of  the  31  dextran  formers 
from human sources produced gas from sucrose, grew at 10°C., or formed large 
mucoid colonies on aerobic sucrose agar, which properties are regularly possessed 
by leuconostoc.  (This ready distinction is of historical interest because the 
name Leuconostoc homonis was applied by Hlava (12) in the first report of gum 
production from sucrose by a  streptococcus from human  source.) 
From the preceding analysis, it is evident that 15 of the 22 endocarditis strep- 
tococci, which were alike with  respect  to  producing similar serologically re- 
active  polysaccharides  (dextrans),  agreed  completely in  all  the  taxonomic 
properties included in our tests, and that most of the others differed in only 
a  few  of  the  properties.  Although  the  majority  of  these  dextran-forming 
streptococci may  represent  a  definite  variety,  the  application  of  any  new 
species or group name is undesirable until further studies are made, particularly 
with  regard  to  reactions  of those  streptococci with  the  H  and  other group 
serums  in  the  usual  Lancefield  test.  4 
Influence  of Anaerobic  Conditions  upon  Production  of Mucoid  Colonies 
In the previous experiment (Table II) a  prominent difference between the 
dextran-forming streptococci and S.  salivarius  was that the dextran formers 
failed to produce large  mucoid colonies on  sucrose agar plates incubated  2 
days  under aerobic conditions.  This failure was in striking contrast to the 
abundant amount of dextran formed by the some streptococci when grown in 
sucrose broth.  One of the factors to be considered was the difference in ex- 
posure to air between the column of broth culture medium and the surface of 
the agax plates.  In  order to investigate that factor, two series of plates of 
the same 5 per cent sucrose agar as that used in the experiment of Table II 
were inoculated with the entire collection of endocarditis streptococci and with 
the dextran-forming group H  streptococci; one series was incubated aerobically 
and the other in a Brewer anaerobic jar for 5 days at 37°C. 
With  a  few exceptions, all the endocarditis and throat streptococci which 
had formed dextran in sucrose broth (Table I) produced large mucoid colonies 
on  the  plates  incubated  anaerobically.  In  the  aerobic  series,  the  colonies 
of most of the strains were small and did not show obvious signs of gum for- 
mation; in the case of a few strains, reasonably large mucoid colonies developed 
in the later days of the incubation, but even in these instances, the colonies 
of the same strains were much larger and obviously gummier on the anaerobic 
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on either aerobic or anaerobic plates of the basic medium in which glucose was 
substituted for sucrose.  None of the 26 endocarditis strains that had failed to 
form  dextran  in  sucrose  broth  in  the  experiment  of Table  I  formed mucoid 
colonies under  the new  conditions. 
The colonies on the anaerobically incubated sucrose agar plates differed con- 
siderably in  size and  in degree of gumminess  among  the  different strains  of 
dextran-forming streptococci.  From a  qualitative standpoint there were two 
general classes: in one, zones of translucent and  often transparent gum with 
irregular borders surrounded  the  colony; in  the  other,  the gum  was  equally 
great in amount but was not sharply differentiated from the bacterial colony; 
in both classes, the  colonies in many  instances became  confluent  during  the 
later part of the incubation period.  The two classes are illustrated in Figs. 2 
and  3. 
Further studies are being made on the various factors involved in the marked 
influence of anaerobic conditions upon  the production of mucoid colonies by 
these streptococci.  Although we now have no data to explain the mechanism, 
it seems worthwhile to report the occurrence of the phenomenon because of its 
obvious connection with the isolation of this kind of streptococci from mucous 
membranes. 
Tests of Other Streptococci for Dextran and Levan Formation 
In our 1941 study (17) on the influence of sucrose upon the capacity of some group H strep- 
tococci to produce material reactive with types 2 and 20 antipneumococcus  and antileuconos- 
toc serums, 70 strains from other Lancefield groups were included.  Although only the sero- 
logical data were published, the sucrose and glucose cultures were compared with respect to 
gross appearance and content of alcohol-precipitable material, and the sucrose fluids were 
also tested for reducing sugars. 
No strains of the serological groups A to G showed any signs of dextran or of levan for- 
marion.  Since 30 strains of group A were included, these negative results indicate that the 
capacity to form dextran or levan is uncommon, if it occurs at all, among group A hemolytic 
streptococci; the number of strains in groups B-G were too small for the results with them to 
have much significance.  One strain among 7 classified as group K did show differences be- 
tween its sucrose and glucose cultures with respect to gross appearance and content of material 
precipitable with 2.5 volumes of alcohol.  When tested again by the methods in Table I, 
the sucrose fluids of this strain reacted in high dilution with the bacillus N9 antiserum and 
in the chemical tests had as much polyfructoside material as had been found for most of the 
strains of S. salivarius that are included in Table I.  Moreover, this levan-forming  strain, 
although originally classified as group K, had the taxonomic properties described in Table II 
for S. sali~arius. 
DISCUSSION 
The  chief new point in the data is that  serologically reactive dextran was 
formed from sucrose by streptococci isolated from the blood of 22  out  of 48 
patients  with  subacute  bacterial  endocarditis.  Although  the  total  number 
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among the strains sent us by each of five workers.  The occurrence of these 
dextran-forming streptococci in endocarditis raises the question of the relative 
frequency of this sort of streptococci in the mouths and throats of patients and 
of healthy persons,  which  will be investigated. 
No streptococci corresponding to S. salivarius as defined by Sherman in 1943 
(26) were found in our collection from 48 patients, and Loewe (29) states that 
only one was encountered among 24 strains (examined by Dr. Sherman) from 
his patients.  This degree of infrequency in endocarditis of streptococci cor- 
responding  to  Sherman's  strict  definition  (26)  of S.  salivarius  is  in  marked 
contrast to the frequency with which  streptococci of that  sort are found in 
human  throats  (26,  30),  and also in marked contrast to the frequency with 
which  streptococci included within the S.  salivarius  group as earlier defined 
(28,  31, 32) have been found in endocarditis (31,  33).  Possibly some of our 
dextran-forming streptococci would  be  included  within  some  of  the  earlier 
definitions of the S. salivarius group, but in any event the data of this paper 
indicate that dextran formation is a  more frequent property than levan for- 
mation  among  the  streptococci from  subacute  endocarditis. 
No information is available on the question of whether or not streptococci 
that form dextran or levan in culture media containing sucrose can form these 
polysaccharides in the body.  However, since some of the streptococci in endo- 
carditis  possess and  some  lack  the  capacity to produce dextran or levan in 
culture media, tests for the formation of those polysaccharides in the cultures 
would  sometimes be  useful  in  the  characterization of strains  isolated from 
different patients or from the same patient during different stages of the disease. 
In fact, the dextran and levan-forming capacities deserve serious consideration 
in the differential description of non-hemolytic streptococci regardless of their 
source. 
Sherman  (26)  has  already  utilized  the  mucoid  colonies coming from  the 
levan formation of S. salivarius in the definition of that species; and the present 
dextran-forming endocarditis  streptococci,  although  not  as  homogeneous in 
taxonomic properties as S.  salirarius  (26), could nevertheless be grouped to- 
gether on the basis that the dextrans formed by all of them are closely similar. 
In the general problem of the differentiation of non-hemolytic streptococci, the 
dextrans and levans from sucrose cultures have two possible uses:  either as a 
basis for the setting up of large serological groups that could be further sub- 
divided into species or types on the basis of other antigenic constituents of the 
same streptococci from cultures grown in non-sucrose mediums; or, as a  des- 
criptive feature for the further differentiation of groups or species set up pri- 
marily on the basis of other antigenic or biochemical properties.  For either 
kind of use, dextrans and also levans have a number of potential advantages. 
Both  belong  to  chemically well  established  classes  of polysaccharide; both 
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with antiserums obtained by immunization with non-streptococcal species of 
bacteria; and their usual abundance (in mediums containing sufficient sucrose) 
makes them by far the dominant antigen in the streptococcal culture; the last 
two factors are advantages because they greatly reduce the chances for con- 
fusion with other antigenic components of the  streptococci.  That a  special 
substrate  is  required  for  their  production,  and  that  "beterofermentative" 
leuconostoc bacteria form a dextran serologically similar to some streptococcal 
dextrans (7) and some bacilli form a levan serologicaUy similar to some strepto- 
coccal levans (9), do not preclude the possible use of dextran (or levan) for- 
mation  in  the  differential description  of  streptococci;  analogous  situations 
obtain with indol formation and with  capsular polysaccharides without in- 
terfering in the use of those features for the differentiation of the enteric bacteria 
and of pneumococci.  In any event, whether or not dextran formation proves 
useful in classification of non-hemolytic streptococci,  the  occurrence of  the 
phenomenon should be recognized, and statements of the absence of zooglea 
should either be qualified or  be removed  from systematic definitions (23)  of 
the Streptococcus genus. 
SUMMARY 
Serologically reactive dextrans were synthesized from sucrose by 22  of 48 
strains of streptococci isolated from the blood of patients with subacute bacterial 
endocarditis.  One strain formed an appreciable amount of levan as  well as 
dextran.  Nine strains of group H  streptococci from throats formed dextran 
serologically similar to that formed by the described endocarditis streptococci. 
Six strains of S.  salivarius  from throats and feces, which were  included for 
comparison,  formed  levan  which  agreed  in  serological  properties  with  the 
purified levan previously described for one strain of that species. 
The experimental method comprised a  series of serological tests that were 
controlled and  supplemented by physical and  chemical tests,  and furnished 
a relatively simple but entirely adequate way of recognizing and distinguishing 
dextrans and levans in bacterial cultures without isolation of the purified poly- 
saccharides.  The possible use of dextran and levan formation in the differen- 
tial  description  of  non-hemolytic streptococci  is  suggested. 
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EXPLANATION  OF PLATE 2 
FIG. 1.  Endocarditis streptococcus, strain 16.  Cultures grown in 5 per cent sucrose 
and in 5 per cent glucose broths, after centrifugation at moderate speed.  The large 
gelatinous mass in the sucrose  culture consisted chiefly of dextran, and had incor- 
porated throughout it practically all of the bacterial cells of the original culture. 
FIG. 2.  Endocarditis streptococcus, strain 8.  Colonies on 5 per cent sucrose agar 
incubated for 5 days at 37°C.  (a)  Plate incubated anaerobically in a Brewer jar. 
Illustrates the first of the 2 classes  of mucoid colonies described in the text.  (b) 
Plate incubated aerobically.  Enlargement is the same (2 X) for (a) and (b). 
FIG. 3.  Endocarditis streptococcus, strain 21.  Colonies on the same medium as in 
Fig. 2 incubated for 5 days at 37°C.  (a)  Plate incubated anaerobically in a Brewer 
jar.  Illustrates the second dass of mucoid colony described in the text.  (b) Plate 
incubated aerobically.  Enlargement is the same (2 X) for (a)  and (b). THE JOURNAL OF  EXPERI]~IENTAL MEDICINE VOL. 83  PLATE 2 
(Hehre and Neill: Dextrans formed by streptococci from  endocarditis) 